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Foreword 
The Lyndon B. Johnson School of Public Affairs has established interdisciplinary 
research on policy problems as the core of its educational program.  A major part of this 
program is the nine-month policy research project, in the course of which two or more 
faculty members from different disciplines direct the research of ten to thirty graduate 
students of diverse backgrounds on a policy issue of concern to a government or 
nonprofit agency.  This “client orientation” brings the students face to face with 
administrators, legislators, and other officials active in the policy process and 
demonstrates that research in a policy environment demands special talents.  It also 
illuminates the occasional difficulties of relating research findings to the world of 
political realities. 
The curriculum of the LBJ School is intended not only to develop effective public 
servants but also to produce research that will enlighten and inform those already 
engaged in the policy process.  The project that resulted in this report has helped to 
accomplish the first task; it is our hope that the report itself will contribute to the second. 
Finally, it should be noted that neither the LBJ School nor The University of Texas at 
Austin necessarily endorses the views or findings of this report. 
James Steinberg 
Dean 
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Preface 
This report examines the waste tire problem along the Texas-Mexico border and explores 
the possibility of evaluating aerial imagery in GIS based software in order to identify 
clandestine tire piles.  Many old tires end up in illegal dumps where they become a 
hazard to human health and the environment.  Costly tire fires are a common but 
unnecessary occurrence that release carcinogens into the atmosphere and melted tar into 
water tables.  Health officials and parents worry that discarded tires can become breeding 
grounds for mosquitoes, rodents, and other disease carrying vectors as illustrated by 
recent outbreaks of dengue fever along the Rio Grande as well as the spread of West Nile 
virus.  Although Texas actually recycles more tires per annum than are discarded in the 
state as of 2007, an opportunity exists to someday clean up all of the large, hazardous 
piles and monitor the creation of new ones.  However, state officials and recyclers lack an 
efficient means to locate unknown piles. 
Remote sensing technologies are promising for the continued effort to recycle discarded 
tires not only in Texas, but in Northern Mexico as well, where the waste tire problem 
continues to grow unabated, further putting border communities at risk.  The use of 
remote sensing software packages to identify waste tire sites cannot yet be demonstrated 
to be a significant improvement over other, more conventional methods.  This report 
finds that remote sensing packages are not easily adapted to daily government operations 
without a significant investment of time and training personnel.  Remote sensing presents 
a high learning curve for anyone not already familiar with the methods.  Moreover, the 
algorithms generated using this software produce a high number of false positives.  Thus, 
though progress has been made in refining remote sensing’s applicability to government 
operations, much work still remains to be done to offer a reliable alternative to existing 
tire pile tracking methods.  
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Chapter 1.  Waste Tires: a Binational Problem 
Scrap tire management has become a global challenge because adequate measures have 
not been implemented to address the growing number of waste tires generated.  As many 
as 290 million waste tires are discarded each year in the United States, an eightfold 
increase since 1990,1 and this volume is expected to increase as people continue to drive 
more vehicles.  About 233 million tires, or 80 percent, are currently recycled in the U.S. 
by end users.  Mexico generates approximately 25 million used tires per year, of which 9 
percent are disposed of properly.2  Until recently, most used tires were stockpiled, not 
recycled. Disposing of whole used tires in landfills is problematic because buried tires are 
bulky, take up considerable space, and tend to float to the top of landfills.  As a result, 
disposing of whole tires in landfills is illegal in parts of the United States and Mexico.  
Thirty-eight American states ban whole tires in landfills, including all of the Mexico-U.S. 
border states except New Mexico.  Texas has done so since 1991.3  Mexico classifies 
tires as a special type of solid waste that must be handled separately from other types of 
waste.4  Cooperation among U.S. and Mexican officials regarding waste tires has been 
ongoing for over 20 years.5 
Throughout the early 1990s, only 10 percent of used tires found end markets, while the 
rest were placed in waste piles.  The terms “waste piles” and “stockpiles” are 
interchangeable.  Approximately 300 million scrap tires remain in stockpiles across the 
country.  About 91 percent of these stockpiles are concentrated in 11 states, one of which 
is Texas.6 
Scrap tires now are managed primarily at the state level.  In 1985, Minnesota enacted the 
first state law for managing tires.  As of 2006, 48 states have laws or regulations 
specifically dealing with the management of scrap tires; Alaska and Delaware do not.  
Typical features of state programs include funding via taxes or fees on automobiles or 
tires; market development activities; licensing or registration for scrap tire haulers, 
processors, and/or users; requirements regarding who may handle scrap tires; and tire pile 
cleanup.  Texas’ program is discussed in Chapters 2 and 3. 
The annual generation of scrap tires is approximately one tire per person.7  Therefore, 
Texans generate approximately 24 million scrap tires each year.8  Other analysts estimate 
tire generation at a rate of 1.25 automobile tires per person, which accounts for the 
additional weight of truck and agricultural tires.9 
Even though many of these scrap tires end up in large piles, few efforts have been made 
to systematically ascertain the number of tires in each pile.  The University of Texas at 
Austin (UT/A) is developing methods for estimating the number and volume of waste 
tires along the Mexico/Texas border for the United States Environmental Protection 
Agency (USEPA).  The primary steps for this methodology include identifying current 
available aerial photography; determining image quality of the photography used to 
identify waste tire piles; developing and validating formulae to estimate the size of waste 
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tire piles from photographs; compiling an inventory of waste tire piles along the 
Mexico/Texas border utilizing imagery; and conducting field visits to verify existence 
and volume of waste tire piles.  The data generated from this project are intended to be 
useful to environmental planners on both sides of the border to address waste tire 
problems.  As governments regulate tire markets, Mexico and the U.S. may soon consider 
bilateral cleanup efforts.  Scrap tires will continue to represent a serious solid waste 
problem until effective tire management programs are designed and implemented. 
The balance of this report will address scrap tire estimation and disposal policies.  The 
remainder of this chapter explains the history of U.S./Mexico environmental cooperation, 
the risks of tire piles and the emerging recycling market.  Chapter 2 focuses on the Texas 
Waste Tire Recycling Fund, Texas’s first initiative to regulate tires as solid waste, as well 
as current rules and regulations.  Chapter 3 details the growing tire problem along the 
U.S.-Mexico border.  Chapter 4 covers previous attempts to find and quantify scrap tire 
piles.  Chapter 5 presents ideas for estimating tires from aerial imagery.  The appendices 
discuss methodology for finding tires along the Texas-Mexico border. 
Cross-Border Cooperation in Waste Tires 
Scrap tires on border areas are not contained within national boundaries, as the 
economies and problems of frontier towns often are linked with an international “sister-
city.”  This cross-border tire problem is germane in EPA Region 5, the Great Lakes area, 
where U.S. staffs are addressing the problem with environmental counterparts in Canada 
through the Great Lakes Bi-national Toxic Strategy.  On the southern border, the United 
States and Mexico created “Border 2012,” a ten-year pact signed in 2002 to clean up the 
environment along their shared border; waste tires are one priority issue of this pact.   
Tires are specifically addressed by Border 2012 goal number three, which aims to reduce 
land contamination.  Objective three of this goal is to clean up three of the largest waste 
tire sites within the defined border region.  
Border 2012 is only the most recent manifestation of this effort to cooperate on border 
environmental issues between the two nations.  The La Paz Agreement, signed in 1983 
and implemented in 1984, aimed to protect, conserve, and improve the environment of 
the “border” region of both countries, defined as the region 62 miles (or 100 kilometers) 
to the north and south of the international border.10  This area includes maritime and land 
boundaries in four American and six Mexican states.  Annex III of the La Paz Agreement 
establishes the importance of cooperation between the United States and Mexico on 
issues related to hazardous waste and hazardous substances in the border region.  Annex 
III includes waste tires, even though tires are not hazardous per se.11  Since 1983, the 
U.S. and Mexico have negotiated five annexes to the La Paz Agreement that address 
border pollution issues involving sewage treatment, waste trade, emergency responses to 
hazardous substance spills, and air pollution. 
The Border XXI Program, which directly preceded Border 2012, was signed in 1996 and 
identified ways the two countries can improve coordination and cooperation with an aim 
to solve a wide range of pollution problems in the region.  Border XXI intended to 
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strengthen enforcement of existing laws; reduce pollution; increase cooperative planning, 
training, and education; and improve understanding of the border environment.12  It also 
sought to help Mexico and the U.S. implement the North American Free Trade 
Agreement’s (NAFTA) environmental agencies, which included the North American 
Agreement for Environmental Cooperation (NAAEC), the Border Environmental 
Cooperation Commission (BECC), and the North American Development Bank 
(NADBank).  NAFTA vested these institutions in 1994, the year Canada, the United 
States and Mexico implemented the agreement.  Under NAFTA, the governments 
retained the definition of the border region as the 100-kilometer radius on either side of 
the international boundary (see Figure 3.1).13  The southern boundary has since been 
expanded to 300 kilometers from the international line.  Border 2012 continues to work 
with these institutions.  Funding for infrastructure projects under the umbrella of the 
Border 2012 Program has come from various sources, including federal and state 
governments, the private sector, and the World Bank.  Hence, any cleanup of scrap tire 
piles along the border has the potential to be funded by international, binational, federal, 
state, or even private entities. 
The Risks of Scrap Tires and Their Emerging Markets 
Not only are scrap tire piles community eyesores, but they represent substantial health 
risks.  A major impetus for the expansion of tire recycling legislation is the growing 
concern over the environmental and safety issues posed by stockpiling scrap tires.  Tire 
dumps, whether regulated or unregulated, pose the risk of fire, and mosquitoes and rats 
use them as breeding grounds. 
One safety issue associated with large tire piles is the potential for fire, since tire fires can 
affect the quality of air, water, or soil.  Figure 1.1 depicts a July 2005 tire pile fire in 
Nuevo Laredo, Tamaulipas.  Tire piles are highly flammable and their low-bulk density 
provides sufficient airflow to fuel flames.  Tires have a high energy content, 14,000 to 
15,000 British Thermal Units (Btus) per pound, versus 8,000 to 12,000 Btus per pound 
for coal.14  If tire piles are large and tightly packed, they may combust spontaneously in 
dry, hot areas like the Southwest.15  In other instances, lightning or arson can be culprits.  
When large piles are ignited they are difficult to extinguish.  For example, a fire in Tracy, 
California, involving about 7 million tires burned for more than two years between 1998 
and 2000 before finally being extinguished.16  Attempting to put out the fires with water 
is problematic because it adds to the pollution; as a result, many fires are simply allowed 
to burn themselves out. 
The open-air burning of tires releases known carcinogens and chemicals into the 
surrounding environment that affect air quality.  At low atmospheric temperatures, tires 
combust incompletely and emit particulate matter, carbon monoxide, sulfur oxides, 
nitrogen oxides, hazardous organic gases, and other volatile compounds.17  These air 
pollutants are associated with short and long-term health problems, which include 
irritation of the skin, eyes, and mucous membranes; respiratory problems; depression of 
the central nervous system; and cancer.  Analysts have estimated that open uncontrolled 
tire fire emissions are 16 times more mutagenic than wood-burning smoke and 13,000 
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times more toxic, on a per-pound of fuel basis, than emissions from coal-fired utilities 
with proper pollution controls.18 
 
Figure 1.1 
Tire Fire Piles in Nuevo Laredo, July 2005 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  Provided by Steve Niemeyer, Texas Commission on Environmental Quality (TCEQ), via email to 
the authors, March 22, 2006. 
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Tire fires can liquefy tires through pyrolysis and contaminate groundwater;19 the standard 
automobile tire releases about 2 gallons of oil.20  Oil, ash, and residue from tire fires can 
pollute soils with heavy metals and other toxic substances. 
Several states have experienced major tire pile fires that have imposed large costs on the 
environment and significant cleanup costs on state and local governments.  For example, 
fighting a 26-acre tire fire that burned for 22 days in Midlothian, Texas, near Dallas in 
1995 cost $1.2 million.21  From 1996 through 2000, EPA-Dallas spent some $3.5 million 
to control nine large tire fires, seven of them in Texas.22  Tire fires in California have cost 
as much as $20 million to clean up.23  The border region has not escaped these risks, as 
the sister-cities of Matamoros and Brownsville have both experienced tire fires in recent 
years (see Table 1.1).24 
 
Table 1.1 
Major Texas Tire Fires Since 1995 
Year Site City Associated Costs 
1995 SPE Tire Disposal Midlothian $1,800,000 
8/1998 ERI Stamford $380,000 
10/1998 Madisonville Drum Madisonville $193,000 
8/1999 J.L. Elliot Landfill Corpus Christi $1,200,000 
11/1999 Los Ebanos McAllen $16,000 
9/2000 Gibson Recycling 1 Atlanta $123,000 
(n/a) Gibson Recycling 2 Atlanta $60,000 
2/2005 Old World Tire Brownsville (Olmito) (n/a) 
Source:  Allen Blackman and Alejandra Palma, “Scrap Tires in Ciudad Juarez and El Paso: Ranking the 
Risks,” Journal of Environment and Development, vol. 11, no. 3 (September 2002), updated by the 
authors. 
Another major health concern stemming from waste tires is the potential for disease 
transmission from vermin and mosquitoes that may live and breed in stockpiles.  The 
loose structure of tire piles and the shape of individual scrap tires allow for water to 
collect away from direct sunlight, creating a breeding ground for mosquitoes.  In several 
instances the presence of tire piles has been linked to outbreaks of mosquito-borne 
diseases in surrounding populations.  A recent study reported that 80 percent of children 
suffering from mosquito-vectored diseases lived within 100 yards of a tire dump.25  Some 
analysts argue that due to improper cleaning of scrap tires destined for export, such tires 
may be infested with mosquito larvae and have contributed to the global dispersion of 
disease-carrying mosquitoes, including dengue and West Nile Virus.26  Tire piles that are 
not routinely fumigated are potential breading grounds for mosquitoes that may carry 
these diseases.27  Dengue is a tropical disease and has spread along the eastern portion of 
the U.S.-Mexico border.  Major outbreaks took place in 1995, particularly on the 
Mexican side of the border; for example, Reynosa, Tamaulipas, reported 2,706 cases and 
Matamoros, Tamaulipas, reported 408 cases.28  Residents in these cities have complained 
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regularly of mosquito infestation, and concerned American citizens realize that these 
same insects can easily cross the border into American neighborhoods.29  West Nile Virus 
has also spread in recent years; even El Paso, with its dry climate, reported cases of the 
disease in 2005.30 
Recycling Scrap Tires 
As the presence of scrap tire piles poses health risks, many states have initiated programs 
to eliminate potentially hazardous tire piles.  Texas implemented its first program in 
1992, as discussed below.  As mentioned before, four out of five scrap tires in the U.S. 
are now consumed in recycling markets.  The most typical use is as tire-derived fuel 
(TDF) at 45 percent, followed by civil engineering projects at 20 percent and ground 
rubber at 10 percent.31  Technically, TDF is not a form of recycling, but byproduct 
synergy.32  Nevertheless, it is a form of solid-waste management akin to recycling.  TDF 
is an alternative fuel used most often in cement kilns, pulp and paper mills, and industrial 
boilers because of their intense fuel requirements.  If these facilities are retro-fitted with 
proper equipment, tires burn cleaner and cost less per fuel cent (in Btus) than coal.33  
Experts estimate that 20 scrap tires have the same amount of energy as one barrel of oil.34  
Funds are often granted by states to assist in the conversion of kilns’ boilers for TDF.  
The market for TDF has increased steadily since 1995, growing 4 percent from 2002 to 
2003, and accounted for approximately 50 percent of the scrap tires consumed in 2003.35  
Ten Texas facilities use TDF and some of Texas’ scrap tires are sent to Louisiana to be 
used as fuel.36  As of 2003, 89 facilities were permitted to use TDF across the country 
and consumed 129.7 million scrap tires.37 
Civil engineering applications of shredded tires are gaining wider acceptance as well, and 
56.4 million tires are now used each year in these applications.  In Texas, many scrap 
tires are used in land reclamation projects.  Scrap tires are shredded to a specific size and 
used in place of gravel as drainage media in landfill leachate collection systems.38  Tire 
shreds are being used in lieu of clean fill to cover the uppermost layer of municipal 
landfills.  In earthquake-prone areas, engineers utilize crumb rubber to strengthen the 
structure of bridges and roads.39 The elasticity of crumb rubber enhances the probability 
of structures withstanding seismic tremors,40 and state transportation departments use tire 
bales in highway projects.41  EPA Region 6 is looking into the feasibility of using crumb 
rubber in the border region and is working with the Department of Transportation (DOT) 
to implement further use of tire crumb rubber for road pavings.42  Some coastal states 
have even used tire bales to act as barrier reefs for delicate coastal ecosystems and to 
protect vulnerable real estate from violent storms.43  Scrap tires are also used in sound 
barriers, rock fall barriers, field drains, and retaining wall backfills.  The Rubber 
Manufacturer’s Association (RMA) predicts that tire recycling will to continue to grow as 
engineers develop new ways to reuse worn-out tires.44 
Mexico lags behind the United States in recycling scrap tires.  One estimate is that over 
91 percent of Mexican waste tires are disposed of inadequately, with only 5 percent 
placed in controlled tire dumps, 2 percent retreaded, and 2 percent used as TDF.45  Most 
of the recycled tires used for TDF are burned in cement kilns.  Authorized plants are 
7 
scattered across Mexico from the northern states of Baja California, Chihuahua, 
Coahuila, and Nuevo Leon to the Yucatan Peninsula.  Most of the 200 tons of tires used 
in these plants are located in and around Mexico City.46 
Tire piles pose serious challenges to both the environment and the health of citizens. 
Fortunately, many scrap tires are now recycled and new, innovative recycling methods 
are being developed.  Unfortunately, waste tires left for long periods decay within 
stockpiles and are often of such a poor quality that they cannot be reused.47  Chapter 2 
addresses how stockpiles developed, the origins of Texas’ tire recycling program, and tire 
regulations in Mexico and the Texas. 
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Chapter 2.  Texas and Mexico Waste Tire Policy 
Over the past two decades, as drivers generated more tires and the risks associated with 
them became apparent, governments began to enact laws to regulate them.  In 1985, 
Minnesota created laws dealing with scrap tires.  Texas followed suit in 1989, but 
substantive legislation was not enacted until 1992.  The Texas Waste Tire Recycling 
Fund (WTRF) created regulations regarding the sale, hauling, storage, and processing of 
tires and provided incentives for “end users” of scrap tires.  However, WTRF contained 
flaws as well.  Specific regulations regarding waste tires in Mexico do not exist per se; 
waste tires are considered a form of hazardous waste.1  This chapter discusses the 
evolution of Texas’ waste tire policy (see Table 2.1) and Mexico’s hazardous waste 
regulations. 
Hazardous Waste Regulations in Mexico 
Hazardous waste is regulated in Mexico under the general provisions of the Ley General 
de Equilibrío ecológio y Protección al Ambiente (LGEEPA), or, in English, the General 
Law for Ecological Equilibrium and Environmental Protection.2  Enacted in 1988 and 
revised in 1996, LGEEPA incorporated many environmental control responsibilities into 
one regulatory system.3  Although waste tires are not mentioned explicitly anywhere in 
the legislation, in Mexico this absence of the particular means that they are included 
under the solid waste provisions.4  The law sets out obligations and rights for generators 
and facilities which manage hazardous wastes but does not include specific regulatory 
standards or implementation programs.5  Under current provisions, Mexico established 
the following: a system to differentiate a hazard’s severity (“high,” “medium,” and “low” 
categories) to make them easier to manage; the possibility of transferring control of 
management of some “low” hazardous wastes to state governments; and disposal of 
hazardous waste in landfills only in cases where recycling or secondary materials 
recovery is not technically or economically feasible.6 
Mexico has implemented a tire recycling program, mainly through retreading and use as 
alternative combustion, so waste tires do not fall into one of these categories.7  Tires are 
considered a special type of waste. 
A separate law, La Ley General para la Prevención y Gestión Integral de los Residuos 
(LGPPGIR) or, in English, the General Law for the Prevention and Management of 
Wastes, was passed in 2002.8  It specifically mentions the need to develop regulations 
regarding waste tires, but left the elaboration and implementation specifics in the hands 
of state and local authorities.9  In order to tackle this problem, SEMARNAT, Mexico’s 
environmental agency, established a mandate to all the states to create or adjust their 
legal framework for waste management.  This directive put the burden of implementing 
and enforcing LGPPGIR laws on sub-national governments.  At this point, Nuevo Leon 
is the only state to comply.10 
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Table 2.1 
Brief History of Texas Waste Tire Policy 
Legislation and Regulations Collector, Seller, and Hauler Regulations 
SB 1519 passed in 1989. Scrap tires must be 
quartered. 
Tire generators, transporters, storage and processing 
facilities must be registered by the state. 
SB 1340 passed in 1992 established the WTRF and 
a $2 recycling fee on the purchase of a new tire. 
Established regulations regarding scrap tires. 
Expired in 1997. 
Waste tire generators may be charged for collection, 
recycling, and/or disposal costs. 
No new legislation passed in 1997. Majority of 
waste tire recycling statutes expired on December 
31, 1997. 
Annual reports must be submitted to the state. 
Health and Safety Code, Article 5, Subchapter C, 
Section 361.112 – Storage, Transportation, Disposal 
of Used or Scrap Tires Remains in Effect. 
 
Tire recycling fee ($2 per tire) was repealed, 
effective December 31, 1997. 
 
Waste tire reimbursement ($.80 per tire) to 
processors and waste tire energy recovery facilities 
was repealed, effective December 31, 1997. 
 
TCEQ used fund appropriated by the 77th 
Legislature to clean up two of the largest scrap tire 
stockpiles in the state. These cleanups reduced the 
number of scrap tires stockpiled in the state by 
almost 24 million by 2004. 
 
Source:  U.S. Environmental Protection Agency, State Scrap Tire Programs: A Quick Reference Guide, 
1999 update (Austin, Tex., 1999). 
Apparently, a Mexican deposit-reimbursement system exists,11 but little information is in 
the public domain regarding its payment element.  The LGPPGIR law also defined the 
responsibilities of producers, importers, and consumers, including disposal 
responsibilities.  Unfortunately, in Mexico the final destinations of more than 90 percent 
of used tires are unaccounted for.12 
Revisions to the LGPPGIR addressed public access to environmental information. For 
example, under Article 159, the Secretary of Environment is required to develop a 
publicly accessible environmental system.  In addition, all levels of government are 
required to answer every request for environmental information within 20 days.  The 
LGPPGIR law also allows the environmental authorities to deny the request for any 
number of reasons, making information difficult to obtain.13 
The Texas Waste Tire Recycling Fund 
Texas has been in the waste tire reuse business since 1989 (see Table 2.1).  The first 
legislation regarding scrap tires in Texas went into effect with legislative bill SB 1519, 
which was passed in 1989.14  The law required scrap tires to be at least quartered within 
60 days of receipt at a disposal site. The current era of dealing with waste tires in Texas 
began with the Texas Waste Tire Recycling Fund (WTRF) in 1992, mandated by the 
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Texas Legislature in SB 1340, which remained in force through 1997.15  The WTRF 
imposed a $2-per-tire fee on the purchase of new tires.  The Texas Commission on 
Environmental Quality (TCEQ) (then called the Texas Natural Resources Conservation 
Commission, or TNRCC) required tire “generators” such as tire dealers and auto repair 
shops to collect this fee.  During the WTRF, tire generators were guaranteed free 
collection of scrap tires in exchange for collecting the recycling fee.  The proceeds were 
used to ensure that scrap tires were picked up from local businesses and transported to 
processors for shredding or recycling.  Some funds were used to clean up Priority 
Enforcement List Sites (PELS), illegal waste tire sites that were not registered with the 
TCEQ.16  Tire processors were paid $80 per ton to collect and process the tires; they had 
to crumb or shred the scrap tires delivered to them to receive the subsidy.  A provision for 
a guaranteed end-use was written into the original program, but was continually deferred 
by political pressure exerted by processors who opposed these measures.17  This loophole 
allowed processors to produce tire stockpiles without repercussion.  Hence, some analysts 
consider the WTRF a fiasco that left piles of shredded tires rather than whole tires in 
stockpiles, neither of them having a developed a market for re-use.18 
Few end uses existed for waste tires until the late 1990s, as millions of scrap tire units 
(STUs) accumulated in Texas stockpiles.  However, reimbursements were given to 
industries that accepted tires to use as TDF and funds were provided to retrofit or 
purchase equipment for facilities that used tires in production processes.  By the end of 
the program years, there were end uses for approximately 16 million scrap tires in Texas, 
or about two-thirds of the tires generated.19  Of these end uses, TDF and landfill daily 
cover were most typical.  Regardless of these efforts, by the end of the WTRF, more than 
70 million tires were stockpiled across Texas.20  These tires were difficult to recycle 
because they were in poor condition or because there was no money to transport them to 
a location for end use.  The WTRF ended after five years.  A restructured program 
designed to correct major deficiencies was caught up in an unrelated political battle and 
has never been implemented.21  Despite these legislative conflicts, the WTRF was 
successful in regulating generators, transporters, scrap tire facilities, and storage sites; all 
were required to obtain a registration from TCEQ, thereby bringing the market under 
state regulation.  In addition, 700 illegal sites were eliminated and initial scrap tire 
markets were developed.22 
Contemporary Texas Tire Policies and Regulations 
Although Texas is one of six states that phased out a tire collection fee, the state still 
regulates the management and disposal of scrap tires.  Texas requires that any firm that 
collects, transports, processes, and stores tires register with the TCEQ.  Texas also has 
been working to eradicate all stockpiled tires within its borders, even though it collects no 
fees.  In this free market system, fees are collected by the “generator,” which includes tire 
dealers, junk yards, fleet operators, or others who generate scrap tires.  Under a 
regulatory program overseen by TCEQ, scrap tires must be hauled by a registered 
transporter to an authorized facility.  All facilities must maintain manifests showing the 
disposition of the scrap tires.  The following sections briefly explain current laws for 
waste tire management and can be found on the TCEQ website.23 
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Good reusable tires are not considered to be scrap tires if they are stacked, sorted, 
classified, and arranged in an organized manner for sale.  Tires stored in stockpiles as 
waste are scrap tires.  Scrap tires must be stored correctly in order to minimize the 
aforementioned health and environmental risks.  Anyone who stores more than 500 scrap 
tires must register with the TCEQ, but scrap tire rules apply to all generators and 
handlers.  Scrap tires must be hauled by a registered transporter to an authorized facility, 
either a permitted landfill or a scrap tire facility. 
All facilities must keep manifest records logging the movement of scrap tires; each load 
of scrap tires is tracked from a generator site, to create a cradle-to-grave record.24  Both 
the transporter and generator must keep a copy of the transaction.  When tires are 
delivered to a permitted facility, the final sections of the manifest are completed, showing 
how many tires were disposed of at the facility.  This completed manifest must be 
returned to the generator within 60 days after the scrap tires were transported offsite.  
Records must be maintained by all parties for at least three years.  
Tire dealers, junk yards, fleet operators, or others who register as generators of scrap tires 
may store 500 to 2,000 tires in a trailer.25  According to Texas regulations, generators 
must:  
• monitor tires stored outside at least once every two weeks for vectors; 
• stack, sort, classify, and arrange good used tires in an organized manner; 
• document the removal of all tires using manifests; 
• allow only registered scrap tire transporters to remove their scrap tires; and 
• ensure that the transporter who collects the tires delivers them to an authorized 
facility. 
Tire transporters must be registered with TCEQ if they collect scrap tires from another 
business.  A signed registration application must be submitted to the TCEQ before a 
transporter begins collecting tires.  They must also use the manifest recordkeeping system 
and generate an annual report.  They cannot stockpile more than 500 tires, unless they 
wish to register as a storage site.26  Scrap tire facilities are a processing operation that 
shred, bale, recycle, or recover energy from scrap tires. 
Texas’ Tire System in Practice 
Because the $2 recycling fee is no longer charged, little funding exists for TCEQ to 
enforce its laws or clean up abandoned tire piles.  Hence, waste tire management has 
been left largely to the private sector.  Consumers pay a disposal fee to scrap tire 
generators.  Generators pay transporters to ship scrap tires to authorized end users.  End 
users charge transporters a “tipping fee” for accepting the scrap tires.  For example, in El 
Paso, tire generators currently charge consumers approximately $1.50 per tire and pay a 
tipping fee of approximately $1.25 per tire to a tire collector/transporter.27  Because the 
surcharge occurs ex post facto, some consumers are reluctant to incur disposal fees.  
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Some analysts argue that consumers may dump their worn tires illegally, pay so-called 
“tire jockeys” a nominal fee to dump them, or take them to Mexico for resale.28 
The status of scrap tires in Texas reflects the ups and downs of Texas’ waste tire 
regulation in the market for waste tires.  Due to the free market nature of the program and 
an increased demand for tires by end users, the volume of scrap tires at registered sites 
has fallen by 15.2 million standard tire units (STUs) in 2003 and 10.5 million STUs in 
2004.  This represents a 41.5 percent reduction in state stockpile volumes since 2002.29  
By 2001 more Texas scrap tires found “second-uses” than were generated.  TCEQ also 
used funds appropriated by the 77th Legislature to clean up two of the largest stockpiles 
in the state.30 
Despite the market for waste tires, some stocks of used tires remain.  Little funding is 
available for the maintenance or cleanup of remaining stock piles.31  Due to limited 
enforcement funds, some analysts expect tire dumping to continue, particularly along the 
western and southern borders of the state, in part because most illegal sites go unnoticed 
until the TCEQ receives a complaint from a concerned citizen.32  Texas is concerned 
about the Mexico side of the border, for the environmental and health risks associated 
with both clandestine and regulated tire piles do not stop at the Rio Grande/Rio Bravo. 
The WTRF represented an initial attempt by the State of Texas to regulate scrap tires. 
Despite the fact that this program encouraged the stockpiling of tires, it established laws 
regarding the handling, storage, and transportation of used tires.  It also provided 
incentives for the recycling of used tires.  The WTRF’s successor, based on the free 
market, is successfully managing scrap tires.  Yet Texans will only be safe from the 
adverse effects of tire piles if environmental policy is coordinated with Mexico, the 
subject of the next chapter.  
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Chapter 3.  Tires in the Mexico/Texas Border Region 
While Texas has made great strides to manage its stocks and flows of waste tires, tire 
piles are proliferating in Northern Mexico.  Some of the reasons include socioeconomic 
differences between the two nations, lack of enforcement in Mexico, limited recycling 
options in Mexico, and the importation of used tires into Mexico from the United States.  
This section focuses on the current state of tire piles in Mexico and why the scrap tire 
problem in Mexico continues.  (See Figure 3.1 for map.) 
On the U.S.-Mexico border, scrap tire disposal is a particularly challenging problem.  
Mexican demand for used tires generates a steady flow of used tires from the United 
States into the border region.  While Texas commission on Environmental Quality claims 
that the illegal disposal of scrap tires does not appear to be increasing and stockpiles of 
tires are dwindling in Texas,1 the same cannot be said in the cities that lie in northern 
Mexico.  The socioeconomic difference between the two nations means that Mexicans 
are willing to buy used American tires because used tires are cheaper than new ones.2  
Used tires are popular with people who have limited budgets, which also makes them 
attractive to citizens in U.S. border towns.  The Texas border region has historically been 
one of the poorest regions in the country,3 meaning that U.S. border town residents are 
also more likely to consume more tires than the average American because used tires 
wear out more quickly than new ones.  When combined with a weaker infrastructure (e.g. 
potholes) and older vehicles, some analysts estimate that Mexicans consume two to three 
times as many tires per year as their American counterparts.4 
While worn-out truck and commercial vehicle tires may cross the border legally for 
retreading and resale, this trade is illegal for automobile tires.5  Some of these used tires 
may never receive new treads and contribute to the scrap tire debacle.6  Official records 
show that the U.S. exported about 840,000 used tires to Mexico between 1975 and 1985, 
but some analysts believe the real figure is higher.7 
San Diego State University is currently studying the flow of used tires along the 
California-Baja California border to better understand the nature of this trade.  The study 
will evaluate the flow of used tires, environmental ramifications, the legality of this trade, 
and the economic incentives driving cross border trade in tires.8  The project will develop 
a methodology to estimate the number of used and waste tires entering Mexico from 
California.  Completion of the project is expected by May 2008.  The California 
Integrated Waste Management Board (CIWMB) has partnered with EPA to conduct a 
similar but independent study.9  Among other outcomes, the CIWMB study will make 
recommendations on how California and Baja California scrap tire policies might better 
regulate the international flow of tires.10 
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Figure 3.1 
The Texas-Mexico Border Region 
 
Source:  Texas Commission for Environmental Quality, U.S.-Mexico Border Region in Texas and Four 
Neighboring Mexican States. Online. Available: http://www.tceq.state.tx.us/assets/public/border/ 
us_mexico_border_region.pdf#search=’The%20Mexican%20States%20and%20New%20Mexico%20d
ata%20were%20taken%20from%20the%201999%20ESRI%20Data%20%26%20Maps%20CD.%20T
he%20counties%20and%20parks%20were%20derived%20from%20the%20U.S.%20Census'. 
Accessed July 14, 2006. 
Although a small amount of used tires are exported legally to Mexico, most of the cross-
border trade in used tires is illegal, informal, and involves tires that originate outside the 
border region.11  Importing used tires into many Mexican border states is prohibited 
under Mexican law, with the exception of Baja California.12  The importation of used 
tires has been allowed in the Ciudad Juarez area during the last several years, but only if a 
specific end use has been identified.13  There are reports that some port of entry officials 
are bribed,14 but Michael Blumenthal, a senior official at the Rubber Manufacturers 
Association, claims that these occurrences of bribery are rare.15  Regardless of the 
legality of the source, tire piles in Mexico are proliferating.  Due to robust population 
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growth in Mexico border cities and the shorter expected lifetimes of used tires compared 
to new ones (probably between only one to six months),16  these problems are projected 
to worsen.17  In Ciudad Juarez, for example, it is estimated that 500,000 tires are 
generated per year; by 2013 this number is expected to top 800,000.18 
Tens of thousands of tires are piled in and around many of Mexico’s border cities.  For 
example, official Juarez estimates of the number of tires in small clandestine piles 
dispersed throughout the city and stored at the collection center approximate 3 million,19 
but some estimates are as high as 5 million.20  Stockpiles in other Mexican border cities, 
while lower, are not insignificant.  Those adjacent to Texas have the following estimates 
as of 2002: Acuña, Coahuila (120,000); Nuevo Laredo, Tamaulipas (30,000, burned in 
July 2005); Reynosa and Matamoros, Tamaulipas (1,000,000).21  Analysts think that at 
least 7.5 million tires are stacked in piles along the Texas-Mexico border.22  
SEMARNAT, Mexico’s environmental agency, estimated that the large piles combined 
with the smaller, unregulated ones may contain closer to 10 million tires.23  While 45 
percent of Texas’ used tires were converted into tire-derived fuel (TDF) in 2002,24 in 
Mexico, only 2 percent were used for TDF while 91 percent of Mexico’s tires were 
dumped in piles.25 
Yet the use of TDF in Mexico is on the rise.  This co-processing of scrap tires has risen 
from 70,600 tires in 1993 to over one million tires in 2005.26  Some of Ciudad Juarez’s 
stockpile is now being shipped to a cement kiln outside of the city, which has burned 
over 668,000 tires since September 2004.27  Last June approximately 420,000 scrap tires 
in Mexicali, Baja California, were sent to a cement kiln to be used as TDF through the 
combined efforts of the EPA and SEMARNAT.28  Throughout 2004-2005, about 1.3 
million waste tires have been removed from Mexican border cities, principally in Baja 
California and Ciudad Juarez.29  
Through Border 2012, there is now a binational effort to tackle waste tires.  Mexico has 
taken actions to address the waste tire problem.  Of the five proposed cleanups under 
objective three, two have been completed.  Approximately 1.2 million tires have been 
cleared from a site in Centinela, California (a 100 percent reduction) and around 600,000 
tires have been removed from Innor, Baja California, Mexico (a 100 percent reduction).  
Five sites have been cleaned up in Baja California and one each in Sonora and 
Tamaulipas.30  The BECC also partially funded a cleanup in Baja California.31  Proposed 
cleanups remain in Matamoros, Ciudad Juarez, and Eagle Pass/Piedras Negras, and other 
border cities.32  Table 3.1 describes the scrap tire pile site management schedule.  The 
monetary resources for Mexican tire management projects in 2004-2005 were: 
N$3,110,00 from SEMARNAT; N$2,000,000 from the government of Baja California; 
N$400,000 from the government of Chihuahua; N$400,000 from the municipality of 
Ciudad Juarez; and US$225,000 by the U.S. EPA.33 
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Table 3.1 
Scrap Tire Pile Site Management Schedule 
Pile Location Clean up Goal 
Ciudad Juarez Removal of 1 million tires per year 
San Luis Rio Colorado Removal of 80,000 to 100,000 tires per year. 
Nogales Removal of 80,000 to 100,000 tires per year. 
Matamoros Removal of 80,000 to 100,000 tires per year. 
Piedras Negras Removal of 80,000 to 100,000 tires per year. 
Source:  Environmental Protection Agency, Border 2012: U.S.-Mexico Border Scrap Tire Inventory 
Summary Report – EPA530-R-07-005 (Washington, D.C., May 2007). 
At the Border 2012 Waste Policy Forum in January 2005, cross-border work groups 
developed a strategy to address tire piles.34  They recommend that stockpiling scrap tires 
not be an acceptable method of disposal for used tires.  Their cooperative efforts to 
reduce stockpiles are intended to minimize disease threats and prevent tire pile fires.  
They identified recycling scrap tires as the key to managing this solid waste. 
Within the U.S., tire-derived fuel accounts for 45 percent of reused tires.35  This is a 
relatively newly developed market for waste tires, beginning only in the mid-1980s.36  
Without TDF, it is not likely that all of the waste tires generated would be reused.  
However, along the Mexican-U.S. border there are fewer recycling options, and scrap tire 
piles continue to grow.37  Unless Mexico and Texas can work together, citizens and the 
environment on both sides of the Rio Grande are at risk.  To entice potential end users to 
establish waste tire reuse facilities near the border, it would be helpful to develop a more 
accurate estimate of the amount of tire piles in the border region.  The following two 
sections discuss past and future methods to estimate waste tire piles along the Mexico-
Texas border.  
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Chapter 4.  Prior Surveys, Analysis, and Discussion 
Previous waste tire studies can be classified into two different categories.  Some dealt 
with quantifying the number of tires in illegal piles, while other reports attempted to map 
tire pile locations.  The purpose of this chapter is to describe previous efforts to estimate 
the magnitude and location of waste tire piles. 
Quantification 
According to Mexico’s environmental agency, the number of waste tires along the 
Mexican side of the Rio Grande border is estimated to be around 10 million.1  Past 
surveying methods are imprecise because only some of the tire sites are known, and 
federal and state authorities in both Mexico and the U.S. may not have accurate records 
of tire pile volume at any site.  There have been multiple efforts to develop methods for 
mapping and quantifying waste tires.  Based on the strengths of these past methods, it 
should be possible to develop new methods for mapping and quantifying tire piles that 
could give managers timely and accurate information of waste tire stockpiles.  This 
chapter describes and evaluates different approaches to tire pile quantification and 
mapping.  Six studies have been completed to estimate the number, volume, or location 
of waste tire piles (see Table 4.1). 
 
Table 4.1 
Previous Studies to Estimate Used Tires 
Study Mapping Quantification Achievements 
Border Environment 
Cooperation 
Commission (BECC) 
20012 
 X Utilized surveys to predict annual waste tire 
generation in Ciudad Juarez. Applied the 
formulae retrospectively to estimate generation 
since 1994. 
Universidad 
Autónoma de Baja 
California, 20013 
 X Used surveying methods to develop statistical 
formulae for quantifying tires in a waste tire 
pile. 
University of Utah and 
Instituto Tecnológico 
de Saltillo, 20024 
X  Compiled a database of known waste tire dump 
locations along the U.S.-Mexico border region.  
Environmental 
Protection Agency, 
Region 55 
X  Developed a tire-mapping program. 
Contractors contact local officials and compile 
a GIS database of tire pile locations. 
EPA Response 
Planning and 
Assessment Branch, 
20036 
X X Mapped and quantified tire piles in Region 9 
(California and Arizona). Located tire piles 
through contact with local official and 
quantified volumes using distance wheels, tape 
measures and rulers. 
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Study Mapping Quantification Achievements 
California Integrated 
Waste Management 
Board 
X  Developed a methodology to locate unknown 
tire piles through the use of satellite imagery. 
EPA Border 2012, 
20077 
X X Created an inventory of tire piles along the 
entire U.S.-Mexico border and mapped tire pile 
locations using GIS software. 
Source:  Compiled by David DeGroot and Paul Hobart. 
The Border Environment Cooperation Commission (BECC) commissioned a qualitative 
study in Ciudad Juarez in 2001 in order to estimate an average rate of waste tire 
generation.  Drivers were surveyed in 29 Juarez shopping malls.  Eight hundred 
questionnaires, each with six questions, were gathered and analyzed.  Consultants 
determined that on average two waste tires were generated per vehicle each year.  This 
information was matched with vehicle registration information to determine and predict 
the number of waste tires generated per year in Ciudad Juarez.  A second part of this 
study sought to determine the number of tires already at municipal collection sites.  The 
report does not discuss the exact methodology to estimate tires in piles.8  The report does 
state that tire piles were divided into measurable polygons, and that the most compact 
piles had 14 tires per cubic meter.9  Applying the estimation of waste tire generation 
retrospectively every year to 1994, and subtracting out the number of waste tires in 
municipal collection centers, the consultants estimated that between 1994 and 2001 two 
million additional waste tires were scattered around Ciudad Juarez.10  One advantage of 
this approach is that it provides a method to predict the number of tires generated and can 
be applied to other cities.  One disadvantage of this survey is that the method of 
estimating the number of tires in piles is not discussed in the report, and it therefore can 
not be evaluated for accuracy or reliability.  
Also in 2001, the Instituto de Ingenería at the Universidad Autónoma de Baja California 
(UABC) used a digital theodolite (or transit) to measure tire piles in Mexicali, Baja 
California.11  A theodolite is a surveying instrument featuring a telescope used to measure 
both horizontal and vertical angles, as used in triangulation networks.12  Using this tool, 
UABC researchers set up a coordinate system over the area occupied by a tire pile and 
divided it into separate measurable polygons.  The volumes of these polygons were 
measured and added together for a total cubic metric volume (m3).  To quantify the 
approximate number of tires in one cubic meter, the group counted the number of scrap 
tires in 65 separate 9m3 scrap tire piles (1m3 being too small to form a tire pile). 
They treated each of the 65 piles as an independent observation of a random variable. 
They computed the mean tire density to be 9.45 tires per m3 with a standard deviation of 
2.88 tires.  Thirty piles were enough to allow them to develop an estimate of the expected 
number of tires in a pile using a random normal distribution assumption at a 95 percent 
confidence interval around the expected value [9.45 ±.1.96*2.88 = 3.8 ≤ X ≤ 15.1].  They 
also charted the frequency with which different sizes of tires (small car to tractor) were 
found in their sample.  They concluded that 87 percent of the tires were from 
automobiles, 12 percent from trucks, and less than 1 percent came from tractors and other 
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vehicles. A list of formulae derived for this study is included in Appendix A.  The 
advantage of this study is the scientific precision used to quantify tire pile volume. 
The Michigan Department of Environmental Quality reports on its website that an 
acceptable tire density coefficient is 10 tires per cubic yard (yd3).13  The Baja California 
group measured an average of 9.45 tires per cubic meter (12.38 tires per yd3); this is a 
difference of 2.38 tires per each yard.  Recall as well that the BECC survey stated that 
there are about 14 tires in a cubic meter (18.34 yd3) when densely packed.  The Michigan 
document does not refer to research that provides a scientific basis for the “10 tires per 
cubic yard” formula, nor does it state what mixture of tires is included in its estimate.  
The website does add the caveat that as tire piles age they become denser, and that 
density depends as well on whether piles are loose or bailed together.14 
The BECC and Michigan surveys estimate tire density, or the number of tires in a 
volume.  Tire pile volume in terms of number of tires is problematic due to differences 
dependent on tire size, age of the pile, and condition (whole or scraps).  As a result, some 
analysts may prefer to define tire density by weight.  John Forehand of the Texas 
Commission on Environmental Quality (TCEQ) estimates that an average passenger tire 
weighs 20 pounds.  Based on that assumption, one cubic yard of tire scraps would weigh 
850 pounds (lbs), and one yd3 of processed tire chips can weigh 900-1500 lbs, depending 
on compactness.15 
Mapping 
A cooperative study between the University of Utah (UU) and the Instituto Tecnológico 
de Saltillo (ITS) in 2002 used available records from government agencies and landfill 
operators to develop a database of waste tire piles along the entire United States-Mexico 
border. 16  Groups from these universities followed up the data collection with field 
surveys to verify the information.  A log was made of major tire site addresses and 
estimated volumes.  The volumes came from existing records; no original quantification 
was conducted by this group.17 
Their survey contains a concise report of major waste tire sites in the border region that 
includes addresses, phone numbers, and persons to contact for major tire dumps on the 
Mexico side.  The report is a useful reference for any future research. The UU/ITS survey 
was not intended to be a complete database, as no effort was made to search for 
clandestine piles.  The report does not indicate that a consistent method was applied on 
both sides of the border.  For example, the location and volume estimations for the 
Mexican side is dump-specific.  The comparable information for the United States is 
county-specific and dump locations are not disclosed.18 
The Environmental Protection Agency (EPA) Region 5 has established a tire mapping 
project for states with a need for such a tool.19  An EPA contractor works with contacts in 
state and local governments to collect information regarding size and locations of waste 
tire piles.  The contractor then compiles a Geographic Information System (GIS) map for 
state databases (see Figure 4.1 for an example of such output).20  States using this 
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program include Indiana, Illinois, Michigan, Ohio, and other Great Lakes states.  The 
specific protocol includes steps that are listed in Table 4.2.21 
 
Figure 4.1 
Waste Tire Sites in Michigan 
Source:  Michigan Department of Environmental Quality, Division of Waste and Hazardous Materials. 
Online. Available: http://www.deq.state.mi.us/documents/deq-whm-stsw-scraptiresites.pdf. Accessed: 
January 16, 2006. 
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Table 4.2 
Protocol for EPA Region 5 Mapping Project 
1. USEPA identifies states for mapping based on need (existing scrap tire program, estimated number 
of scrap tire piles, funding, etc.); 
2. A state identifies a contact person that can work with a USEPA contractor to develop all GIS 
mapping and database products for the state; 
3. The state contact provides to USEPA contractor information regarding known legal and illegal scrap 
tire piles in the state, including size and location (latitude/longitude coordinates or street address); 
4. Based on information provided by the state, the USEPA contractor develops preliminary GIS map 
and database and works with state to resolve discrepancies and fill data gaps; 
5. A USEPA contractor sends draft GIS map and database to state contact for review and comments; 
6. A USEPA contractor sends the revised GIS map and database (with electronic files) to the state; and 
7. The state incorporates scrap tire pile map and database into GIS for program use and future updates. 
Adapted from:  Email from Chris Newman, Waste Management Branch, U.S. EPA Region 5, October 24, 
2005. 
 
One advantage of this EPA survey approach is that it provides a database of waste tire 
piles to states that do not have such information.  One disadvantage of this survey is that 
it does not predict growth or reduction of tire piles, and thus it must be revised regularly 
to remain an effective tool.  Database corrections can be done via the pile permitting 
process.  It also requires extensive effort to contact enough local officials in order to 
provide a thorough assessment of a state’s waste tire volume.  In effect, the contractor is 
just reporting what the state already knows. 
The Response, Planning and Assessment Branch of the EPA is mapping and quantifying 
tire piles along the border in Region 9 (California and Arizona) for fire response 
purposes.22  To gather information, researchers first collected information on known tire 
sites from enforcement agencies.  Then, using known sites as a guide, the researchers 
visually scanned aerial photography to locate unknown sites.  Comprehensive maps of 
tire dump locations were assembled by county (see Figure 4.2).  Field visits were 
conducted to measure the volume of the sites.  Researchers used GPS units to capture the 
latitude, longitude, and elevations of the piles.  Large, non-uniform, and meandering piles 
required multiple GPS recordings in order to capture the pile’s form.  Researchers used 
tape measures, folding rulers, distance wheels, and photographs to measure the size and 
shapes (i.e., volume) of the tire piles.  The group noted that a handheld laser distance 
meter can be used in place of tape measures, rulers, and distance wheels; however, the 
reading is not always accurate.23 
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Figure 4.2 
Waste Tire Sites in San Diego City 
Source:  U.S. Environmental Protection Agency, Response, Planning and Assessment Branch, “U.S./ 
Mexico Border Tire Pile Study for Fire Prevention and Mitigation,” Draft prepared by Lauren Volpini, 
Janice Witul and John Evans (Washington D.C., October 2003), pp. 24-33. 
Piles were classified by varying percentage estimates of passenger automobile, truck, or 
“other” tires.  Tires classified as “other” are most often tractor tires.  Piles were estimated 
in accordance to the projected percentage of the three classification types.  The EPA 
worked with researchers from the Instituto de Ingenería at the Universidad Autónoma de 
Baja California and relied on their prior work for volume estimation.24  One advantage of 
this survey is the simplicity of its method.  This group gathered tire density data with 
equipment that an 8th grade graduate can use.  One disadvantage of this EPA survey is 
that a field visit is required to every waste tire site, a process that is costly in terms of 
time and money.  
In December of 2005, researchers working in conjunction with the California Integrated 
Waste Management Board (CIWMB), the NASA Ames Research Center, and the San 
Jose State University Foundation reported a methodology for locating clandestine tire 
piles using satellite imagery.  Researchers created a computer model termed the Tire 
Identification from Reflectance (TIRe) Model.  Satellite images are uploaded into the 
model and scanned for color signatures.  According to a presentation before the CIWMB, 
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the model eliminates over 99 percent of the image, only leaving behind dark pixels 
containing tires and other spectrally similar objects.  Technicians then highlighted the 
dark pixels, changing them to a bright green, and layered the altered image on top of the 
original map.  Known and previously unknown tire piles stood out on the map as bright 
green blobs.25  The advantages of this methodology are that it reduces the time required 
to survey a region for tire sites.  This approach, the use of GIS technology to create hard 
copy maps, can be customized to a user’s geospatial and visual preferences.26  
Disadvantages of this approach are that the cost of obtaining high resolution imagery may 
be expensive, and most government officials would find it difficult to develop the skill to 
use spectral analysis software and GIS software to reproduce the results of the TIRe 
model.  The use of GIS technology does not eliminate the need for site inspections, as 
there can be false positives. 
In October 2005, researchers at The University of Texas at Austin began to develop a 
remote sensing methodology concurrently and independently from the California group.  
The UT/Austin group devised a similar methodology to the TIRe Model.  Using aerial 
images from the El Paso, Texas/ Cuidad Juarez, Chihuahua region, the researchers 
created an algorithm to locate waste tires, based on several known locations provided by 
TCEQ.  The model identified several potential waste tire sites on the Mexican side of the 
border.  Researchers experienced similar advantages and disadvantages to this approach 
to the California group.  
The EPA Office of Solid Waste completed an inventory of tire piles along the Mexico-
U.S. border in the summer of 2007 using existing data.  Project staff contacted local 
experts to collect information regarding scrap tire pile site location, number of tires in the 
pile, legality of the site, and other information.27  Table 4.3 describes EPA findings.  EPA 
identified a total of 42 scrap tire pile sites and mapped this information using GIS 
software.  Significant data gaps exist for the eastern portion of both sides of the border.28   
EPA also reviewed previous studies, catalogued which sites have recently been cleaned 
up, and identified future scrap tire pile site management and cleanup.29  As of July 2007, 
this study is the most comprehensive discussion of waste tires along the Mexico-U.S. 
border. 
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Table 4.3 
Tire Piles Along the Mexico-U.S. Border 
State Number of Tire Pile Locations Estimated Number of Tires 
Baja California 1 (5 cleaned up) 400,000 
Sonora 13 (1 cleaned up_ 240,000 
Chihuahua 1  4,500,000 
Coahuila 2 245,000 to 275,000 
Tamaulipas 8 (1 cleaned up) 800,000 to 900,000 
California 2 10,000 
Arizona 6 NA 
New Mexico NA NA 
Texas NA NA 
Source:  U.S. Environmental Protection Agency, “Border 2012: U.S.-Mexico Border Scrap Tire Inventory 
Summary Report – EPA530-R-07-005” (Washington, D.C., May 2007), pp. 1-22. 
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Chapter 5.  A Method for Finding Tire Piles 
The purpose of this chapter is to describe and evaluate a method for locating and 
estimating the volume, height, and weight of tire piles. The approach is to develop steps 
that simplify these tasks, so that time-consuming and costly field visits will no longer be 
needed, even if they will always be useful.  This chapter will discuss procedures to verify 
whether effective surveys can be done from a desktop.  The following paragraphs 
introduce the methodology that is discussed step by step in Appendix A. 
Several different software packages are available to perform remote sensing analysis.  
The most popular systems are ENVI, ERDAS IMAGINE, ER Mapper, and PCI.  Several 
different software versions are available, but all of the basic packages will perform image 
processing and cost between $2,500 and $6,000 for a license.1  Table 5.1 provides a 
description of their remote sensing capabilities, as described by the software 
manufacturers.  Each one of these packages has adequate basic hyper-spectral 
classification capabilities, which is the feature used to find waste tires.  PCI and ERDAS 
offer the most comprehensive classification options, ER Mapper has better than average 
hyper-spectral capabilities, while ENVI is the most limited for tire-finding purposes.  In 
the user-friendliness factor, ENVI’s interface is thought to be more intuitive than other 
image-processing software.  Another important consideration is the hardware 
requirements of each package.  The researcher should have no trouble using any of the 
packages mentioned above on a personal computer.  
 
Table 5.1 
List of Color Classification Software 
Software Benefits 
ENVI 
Company:  
Research Systems Inc., 4990 
Pearl East Circle, Boulder, CO 
80301  
Homepage:  
http://www.rsinc.com 
• ENVI's Wizard will guide beginners through each spectral analysis 
step and provide advice to ensure the most accurate results.  
• ENVI identifies the spectrally unique materials in an image, and 
maps their extents throughout the image.  
• ENVI locates target materials even when they are much smaller 
than the image pixels.  
• ENVI determines the composition of any unknown spectrum by 
quantitatively comparing it to library spectra, either your own or 
ENVI's. These and many more powerful spectral analyses are 
available in ENVI without extra cost modules. 
ERDAS Imagine 
Company:  
ERDAS Inc., 2901 Buford 
Highway N.E., Atlanta, GA 
30329  
Homepage:  
http://www.erdas.com 
• Users can quickly extract material mapping information with 
minimal interaction. 
• Several powerful analysis algorithms produce specific end products 
for analysis.  
• An overriding concept of the software is ease of use with an easy-
to-follow workflow and intelligent data-derived defaults.  
• The key feature in ERDAS used for finding waste tires is the 
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Software Benefits 
“Target Detection” task.. 
PCI Systems 
Company:  
PCI Geomatics, 50 W. 
Wilmont St., Richmond Hills, 
ON L4B 1M5, Canada  
Homepage: 
http://www.pcigeomatics.com 
• Geospatial professionals gain knowledge through the merger of 
remote sensing, GIS, spatial analysis, and cartography – all from 
one location. 
• Efficiency and productivity is gained as less time is spent 
transferring between different data formats and processing 
software, leaving more time for the interpretation of results. 
• Users can view and integrate raster imagery with GIS vector data; 
build, edit, and query attributes, or perform interactive spatial 
analysis operations from one interface. 
ERMapper 
Company:  
Earth Resource Mapping, 
4370 La Jolla Village Drive, 
Suite 900, San Diego, CA 
92122  
Homepage: 
http://www.ermapper.com 
No formal description of the software’s classification imaging 
capabilities were found. 
Sources: Online: Available: http://www.rsinc.com/envi/FeatureTour.asp; http://gi.leica-
geosystems.com/documentcenter/ERDASIMAGINE/IMAGINE_Spectral_Analysis.pdf; 
http://www.pcigeomatics.com/; http://www.ermapper.com/. Accessed: April 24, 2006.  
The discussion below will be based on the use of the ERDAS software.  The approach 
begins with a composite infrared aerial photograph, such as the one shown of the El Paso/ 
Ciudad Juarez region in Figure 1 of Appendix A, provided by the Texas Water 
Development Board (TWDB).2  The one-meter resolution image has three color bands, 
plus an infrared band.  
The ERDAS software program has the ability to categorize each map pixel by color, of 
which there are thousands.3  A computer mouse can be used to select objects on the map 
such as roads, buildings, earth, and tire piles.  Selections can be made in circular, cubic, 
or polygonal forms, depending on the object of interest.  ERDAS computes an average 
color reading for the selection and places it in a separate file.  For example, in one run a 
decision was made to store 100 different color selections, 15 of which were from two 
known tire piles, Hueco Tanks and a private collection center.  Both are located east of El 
Paso on the U.S. side of the border and were located with the help of the TCEQ regional 
office in El Paso.  Hueco Tanks is a known illegal site whereas the other site is a 
registered collection center in the city of El Paso.4  
The ERDAS software can classify the thousands of colors from the original map 
according to the selected 100 colors.  Most classifications were of dark objects in order to 
distinguish variations of black.  In the search for tires, it is helpful to concentrate 
classifications on objects of similar color.  Specific attention should be given to roads, 
shadows, and dark water.  The more variances of black included in the spectral analysis, 
the less likely that a “false positive” waste tire site will be identified.  Only several 
classifications are needed for objects like vegetation and earth because their spectral 
range in black differs from the tire spectrum. 
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Based on the 100 colors, it is possible to produce a new color-coded map of the El Paso/ 
Ciudad Juarez region.  In other words, ERDAS “snapped” every shade of color on the 
original map to the closest shade from the 100 classifications. This classification process 
took approximately 22 hours on a Pentium 3 Dell Optiplex computer.  A user can then 
manipulate the shades of black that are selected from a known tire pile by changing them 
to a highly visible color such as neon green (see Appendix A, Figure 1). By doing this, 
not only did the known tire piles turn green (see Appendix A, Figure 2), but so would 
every other potential tire pile in the region, some of which were not previously known.  
To discover new tire piles, a user can “flicker” between the original map and the re-
colored map.  This process allows the user to compare the manipulated color 
classifications to their original shades.  In other words, a difficult to decipher map of only 
100 shades can be layered against the original map.  Neon green classifications can be 
verified as potential tire sites or a false positive (usually roads, water, and shadows) by 
visual inspection.  The sites identified as potential tire dumps were located on the 
Mexican side of the border.  Each possible tire pile can be marked so that it can be 
located physically to verify the results (see Appendix A, Figure 4). 
During the 2006-07 academic year LBJ School staff sought to refine this methodology by 
posing three research questions, some of which were a continuation of the 2005-06 
research.  The first research question asked whether methods can be developed to modify 
the use of remote sensing software in order to classify and isolate a small, non-natural 
physical body.  A second question is whether these methods could be easily incorporated 
into government agency operations for systematic use.  A third issue is whether different 
software programs produce different results.  The next section discusses the method and 
results obtained.  
Despite the potential benefits of remote sensing and the model developed using ERDAS, 
there are challenges to the routine use of remote sensing in the identification of tire piles.  
It is worth noting that the existing software programs were not intended to classify small 
physical bodies; rather, they were designed to identify large, homogeneous types of 
natural land cover, such as vegetation, soil, and water.  Tires are man-made objects and 
tire piles are both relatively small and heterogeneous in their composition.  As the 
methodology described above demonstrates, this barrier represents the single largest 
challenge in successfully using current software packages to locate unknown scrap tire 
piles. 
The geographic region tested was once again El Paso, Texas, and its environs, including 
portions of Ciudad Juarez, Chihuahua.  One interesting administrative challenge to the 
use of remote sensing is that licensing restrictions limit the availability of cross-border 
images, an issue discussed below.  
LBJ School staff used a three-layer aerial photograph with an infra-red of El Paso, 
encompassing both the city center as well as an extensive portion of the surrounding 
desert.  The research began with an identified a priori tire pile to serve as the basis of the 
classification process.  The location of a tire pile provided by the Texas Commission on 
Environmental Quality (TCEQ) is highlighted in Figure 5.1 by a black circle.  It is 
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possible to zoom in on the specific location of the tire pile and, at a certain distance, the 
pile looks like a solid, homogeneous body.  However, when the region is viewed closer, it 
becomes apparent that the tire pile is actually heterogeneous, its borders infiltrated by 
vegetation and soil, as well as other unidentifiable debris (Figure 5.2).  
 
Figure 5.1 
Known El Paso Tire Pile 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
 
The classification process begins by taking samples of the tire pile itself.  Given the lack 
of uniformity of the pile, small samples were taken in order to reduce the amount of 
foreign debris captured in the sample so as to generate pixels that are as pure as possible 
of the tire pile.  The samples taken form a class that contains both values for the spectral 
range of the pixels as well as the purity and strength of these pixels.  After several 
samples of tires have been taken, it is then necessary to build classes for other types of 
ground cover using the same methodology.  The results are displayed in Figure 5.3.  The 
purpose of the classification process is to separate the image into general categories, so 
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that every pixel in the image falls within one of the classes based on its spectral range.  
Classes included tires, water, vegetation, shadows, roads, and earth.  The intent is to 
identify the spectral value of tires so that other bodies that share similar characteristics 
can be categorized in the same class.  
 
 
Figure 5.2 
Heterogeneous Tire Pile Pixels 
 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 5.3 
Pixel Classifications 
 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
After processing the color classes, the software generates a new image that has 
significantly less pixilation due to the categorization of pixels into the classes created.  It 
is then necessary to isolate the tire class by changing its pixel representation to a more 
vivid color.  Since these samples include a range of classes, we change all tire sample 
classes to one color, in this case lime green (Figure 5.4).  The reprocessed image will 
change not only the pixels in the tire pile but also the pixels of all other bodies that share 
similar spectral values.  Thus, any body that appears lime green in the reprocessed image 
is a potential tire pile.  Figure 5.5 shows the results of this procedure with the known tire 
pile circled.  
Repeated classifications generated consistent results characterized by a high number of 
false positives, the most typical being dark water and shadows.  As part of the research, 
several different classification methods were attempted, including varying the number of 
classes built, varying the size of the samples, and utilizing the “grow sample” tool to 
increase pixel purity.  None of these methods produced different results.  Though it is 
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possible to toggle back and forth between the reprocessed image and the original image, 
the number of false positives and their prevalence—along the order of 3 to 6 percent 
throughout the reprocessed image5—would be too frequent to allow the procedure to 
identify tire piles with precision.  
 
Figure 5.4 
Known Tire Pile After Classification 
 
 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 5.5 
Pixels Spectrally Similar to Tires 
 
 
Source: Map provided by the Texas Water Development Board, viewed in ERDAS.  
LBJ School staff conducted analyses of the El Paso image in an attempt to determine why 
so many false positives occur.  The purpose of the tests was to establish whether it is in 
fact possible to isolate a given body given its spectral values in relation to other bodies in 
the image.  Two tests in ERDAS evaluated spectral distributions of the built classes and 
compared the mean plots of the classes.  
Figure 5.6 illustrates an ideal type distribution for a groundcover to be utilized as a class.  
The vertical axis correlates to pixel strength and purity, or how strong the pixel is in 
relation to other pixels in the image.  The horizontal axis represents the spectral range 
associated with the values generated from the samples taken from the respective body.  In 
order for a ground cover type to be a reliable class, its spectral distribution should be 
normally distributed within the samples and the pixilation should have a high value 
relative to other classes.  The class in Figure 5.6 is the distribution pertaining to the 
vegetation sample taken during the classification period.  The high vertical value for this 
class is 614; though there are three distinct peaks, each grouping is normally distributed.  
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Figure 5.6 
Vegetation Spectral Distribution 
 
 
Source:  Figure generated by Marco Campos and Elizabeth Ojeh.  
If this ideal type is compared to the distribution for the tire piles, the tire samples 
represent a “worst” case scenario for a groundcover to serve as a class.  Figure 5.7 
illustrates the spectral distribution for the tire samples.  The high vertical value in this 
case is six.  Instead of normally distributed spectral range, the distribution for tires cannot 
be characterized as any standard distribution and lacks uniformity.  One way to illustrate 
the difference between the ideal type spectral distribution and the tire case is to plot all 
the distributions on the same graph (see Figure 5.8).  This graph demonstrates that some 
ground cover types are easier to classify than others.  The most prominent class in this 
graph is “soil,” followed by “vegetation.”  At the bottom of the distribution are dark-
bodied objects such as roads and dark water. 
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Figure 5.7 
Tire Spectral Distribution 
 
Source:  Figure generated by Marco Campos and Elizabeth Ojeh. 
 
Figure 5.8 
Pixel Distribution of all Classes 
 
 
Source:  Figure generated by Marco Campos and Elizabeth Ojeh.  
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To isolate tire piles in the reprocessed image we can change the color values for each 
class to see which ones are the most distinguishable.  In order to do this, we change the 
respective colors of the dark-bodied objects: water was changed to bright blue, tires to 
lime green, and shadows to violet.  Returning to the group distribution graph, the only 
dark class that is distinguishable is water, shown in blue (see Figure 5.9).  This test 
suggests that both the spectral range and the pixel purity of the tire pile are not distinct 
enough to set the class apart from other dark bodies.  In effect the results indicate that 
remote sensing software may not isolate tire piles clearly because of the inconsistent 
character of the tire pile color signature. 
 
Figure 5.9 
Unique Signature of Water 
 
Source: Figure generated by Marco Campos and Elizabeth Ojeh.  
One way to seek to confirm these findings is to graph the mean values of each class. 
Figure 5.10 shows mean plots per band of four distinct groundcovers. The vertical axis 
represents each band in the three band image.  The horizontal value plots the mean 
spectral range for each band.  In order for classes to be distinguishable from one another, 
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there should be limited convergence in the mean values at each band.  The first graph 
demonstrates that tires would be easily distinguishable from the other three classes given 
their divergent mean trajectories.  (Note, however, that two of these bodies are not 
naturally occurring and are artificially colored.)  By plotting the mean values for all 
classes, it becomes apparent just how difficult it would be to distinguish tires from other 
dark bodies (see Figure 5.11); there is convergence at the bottom of the graph so that no 
dark bands have a distinguishable trajectory.  By comparison, considering the trajectory 
of vegetation at each band one can note that there are few other bands than converge with 
it.  
 
Figure 5.10 
Mean Distribution of Distinct Ground Covers 
 
 
Source:  Figure generated by Marco Campos and Elizabeth Ojeh.  
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Figure 5.11 
Mean Distribution of Classes 
 
 
Source:  Figure generated by Marco Campos and Elizabeth Ojeh.  
The next phase of this research process was to attempt to combine spectral classification 
with depth imagery analysis.  However, preliminary conclusions suggest that it is not 
easy to use spectrally classified images and depth imagery.  The research team evaluated 
the PCI Geomatic’s LIDAR Engine, a new LIDAR imagery software program designed 
for ease of use.  
Though the program is easy to maneuver, LIDAR images are large so that they require a 
great deal of time to process as well as extensive additional memory capacity.  In order to 
run the LIDAR software, it was necessary to install an additional external hard drive 
purely for each processed image, as each image itself was too large for the main 
computer’s CPU to handle.  PCI Geomatics acknowledges that LIDAR Engine can only 
handle specific file types.  Thus, the image type used for ERDAS and PCI Geomatica 
were not compatible with LIDAR Engine.  Therefore it was not possible to do extensive 
methodological evaluation.  However, PCI does state that images classified by PCI 
Geomatica are compatible with LIDAR, which offers the possibility of extending the 
research in this direction, once memory difficulties encountered with PCI Geomatica can 
be resolved. 
It is not clear whether depth analysis will help detect tire piles along the border.  LIDAR 
is designed to map the depth of objects that meet a certain threshold.  Thus, if a tire pile is 
stacked high enough, it could in fact be picked up by the software.  However, as some 
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Mexican environmentalist representatives note, tire piles are often scattered and 
inconsistent in depth, or are buried beneath other debris.  Still, if the program can identify 
at least some of the biggest stacked piles, it could prove eventually a useful too to 
identify clandestine tire piles. 
When overlaying aerial or satellite images with LIDAR files becomes technically 
feasible, finding scrap tire piles using remote sensing may become easier.  Theoretically, 
it is possible for x, y, and z coordinates to converge for data covering the same 
geographic area.  Researchers could then utilize spectral analysis to eliminate areas of the 
map with significantly different color signature than tire piles, while depth analysis may 
help refine the model further.  For example, many false positives associated with spectral 
analysis are caused by dark water, which LIDAR can help eliminate since lagoons, lakes, 
and rivers have a constant depth that parallels the ground.  LIDAR may also help 
eliminate false positives associated with burnt fields or paved areas such as parking lots.  
Although software packages are currently unable to merge these files with ease, when 
they can do so, finding tire piles using remote sensing will become more precise.  
Conclusions and Recommendations 
The tests above lead to a conclusion that as of 2007, tire piles’ pure spectral classification 
is not a sufficient method to locate clandestine tire piles.  Their small geographic size and 
their similarity in spectral range to other types of groundcover make them difficult to 
isolate.  The tests provide strong explanations for why the classification produces such a 
high quantity of false positives.  Though it is possible and even easy to compare the 
reprocessed image to the original one and attempt to eliminate false positives through 
“eyeballing,” this process is both cumbersome and does not offer certainty of tire pile 
identification.  For any regulatory or enforcement purposes, eyeballing would still require 
on-site verification. 
One benefit of the classification method is that it decreases the geographic size needed to 
survey in person.  If false positives that result from such misclassifications as shadows 
and bodies of water can be eliminated from the reprocessed image with any degree of 
certainty, then investigators can still eliminate large portions of a geographic region 
within which to search.  The risk of course is that eyeballing could potentially lead to 
eliminating a supposed false positive that is actually a tire pile.  Furthermore, eyeballing 
assumes that tire piles share similar physical characteristics.  Along some border regions 
tire piles are not piles at all, but instead scattered masses of tires with ill-defined 
boundaries, limited depth, and poor visibility, as they can be covered by other types of 
debris.  Such cases restrict the use of spectral classification of tire piles.  
Spectral classification is a method that is still in development.  As mentioned, its original 
purpose was to identify broad spectral classes.  Though other studies have been 
conducted to refine the strength of the classification method, this study sought to adapt 
these methods in day-to-day agency operations.  There are other studies that report 
significant reductions in the frequency of false positives.  It is not clear from the reports 
that advanced algorithms and improved imagery yield significantly different results, as 
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the percent of false positives in these studies appear to be of the same magnitude of false 
positives experienced in this study.  In any case, an approach that requires the services of 
extensive consultants or expensive photos would not offer a remedy for an agency facing 
time and budget constraints.  
In addition to the methodological limitations of spectral classification, it is worth 
identifying other factors that could limit remote sensing’s adaptability to agency 
operations.  One challenge is the hardware requirements needed to run the software and 
images.  On a computer with 145GB of storage, the ERDAS software package required 
512MB and the aerial photograph required 70GB of space.  Given the amount of memory 
taken up to run the programs, it is absolutely necessary to utilize a very high-speed 
processor.  Otherwise, even the most basic procedures in the classification process can 
take hours to perform, and the classification itself can take over 24 hours before 
generating results.  
The cost of purchasing software or images are not trivial.  Several different software 
versions are available, but all of the basic packages will perform image processing and 
cost between $2,500 and $6,000 for a license.6  SPOT provides 10 meter images for about 
$2,000 and 2.5 meter images for about $5,000.7  Time costs are relevant, as a learning 
curve must be overcome in order to run the program and interpret results.  All of the 
remote sensing methods require a “tire pile training” site be identified a priori.  Agencies 
can purchase images but must know in advance where one tile pile exists at the time the 
image was recorded in order to start the spectral classification process. 
There are some aids that can make the integration of remote sensing easier.  In Texas, for 
example, the Texas Water and Development Board has images available free of charge.8  
However, these images usually stop close to the Texas side of the border due to licensing 
issues.  SIRIUS is an online database of SPOT imagery available for purchase.  Unlike 
TWDB images, SIRIUS images can include both sides of the border.  However, the 
geographic areas available are limited and because the images are recorded via satellite 
track, the geographic size of the images is not as expansive as those provided by TWDB.  
The images provided by SIRIUS are not free but can offer high resolution and can be 
searched by date and quality.  Finally, to assist in the learning curve, staff of The 
University of Texas at Austin wrote a preliminary manual for ERDAS (see Appendix C).  
Because PCI Geomatica was unable to fully process the NAIP images, a user guide was 
not created. 
ERDAS Imagine and PCI Geomaica have similar interfaces and processes, but require 
different image formats.  Thus, the image used in ERDAS Imagine was first processed 
into a different format (PCDSK) by PCI Geomatica before analysis of the image could 
begin.  PCI Geomatica seems to be the one with the friendlier user interface, and 
produces quick results when unsupervised classification is performed.  However, it does 
not finish the processing for supervised classification, making a comparison of the quality 
of results difficult to interpret.  The costs and system requirements of both software 
programs are similar.  
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Remote sensing offers potential benefits in the effort to locate and dispose of clandestine 
tire piles along the U.S.-Mexico border.  After two years of working with various 
software programs, LBJ School staff concludes that as of 2007 spectral classification in 
and of itself is not a reliable method for locating tire piles in the absence of field visits to 
confirm locations.  The reliance on “eyeballing” to overcome false positives does not 
offer a method compatible with enforcement for correctly identifying piles.  Though 
other research efforts have achieved varying degrees of success, these methods do not 
appear to offer significant improvement in certainty or quality of identification of tire 
piles and do not appear to be adaptable to daily government operations without a 
significant investment of time and training personnel.  For example, the California 
Integrated Waste Management (CIWMB) project used more complex algorithms to 
eliminate over 99 percent of the original image but still experiences the weaknesses of 
this study; the CIWMB effort failed to find some known tire piles established as controls 
because of the “clutter” of false positives.9  The software programs evaluated vary in 
their user friendliness, but overall, remote sensing presents a learning curve for anyone 
seeking to apply the methods to the point of proficiency.  Though progress has been made 
in refining remote sensing’s applicability to government operations, much work still 
remains to be done if it is going to offer a reliable alternative to land-based searches for 
tracking tire piles. 
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1 Source for the entire software review section:  GeoWorld, Image Processing Software. Online. Available: 
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2 Provided by Miguel Pavon, Texas Water Development Board (TWDB), October 14, 2005. 
3 Leica Geosystems, ERDAS IMAGINE Brochure. Online. Available: http://gi.leica-
geosystems.com/documentcenter/ERDASIMAGINE/ERDAS_IMAGINE_9.pdf. Accessed: March 29, 
2006. 
4 Email from Jorge Castillo, Texas Commission for Environmental Quality, El Paso, Texas, October 25, 
2005. 
5 According to staff calculations in Erdas Imagine, classified images identified 94 to 97 percent of the color 
pixels.  The remainder was either false positives or tire piles.  For example, in one run, 278,861,960 cells 
out of 5,577,239,205 were identified as spectrally similar to the tire piles (including the cells used to 
calibrate the model).  The calculations were derived from the Raster Calculator tool in ArcMap. 
6 GeoWorld, Image Processing Software. Online. Available: www.geoplace.com/gw/19999/0599/ 
599srev.asp. Accessed: February 24, 2006. 
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9 California Integrated Waste Management Board, December 15, 2005 Board Meeting New Business 
Agenda Item 11. Online. Available : http://www.ciwmb.ca.gov/Agendas/agenda.asp?RecID=1074. 
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Appendix A. Waste Tire Images Produced Using ERDAS 
Figure 1 
Composite Aerial Map of El Paso and Ciudad Juarez 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 2  
Known Tire Dump in the El Paso/ Ciudad Juarez Region 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 3 
Pixel Classification of Tire Dump in Figure 2 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 4  
Potential Waste Tire Site in Juarez 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 5  
Discovered Site on the Original Map 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Figure 6  
Wider View of Figure 5 Site 
Source:  Map provided by the Texas Water Development Board, viewed in ERDAS.  
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Appendix B. Waste Tire Pile Formulae 
Vk = Hk · Ak  Volume of a polygon where, 
 Vk = Volume of tires contained in the kth polygon. 
 Hk = Average height of the kth polygon. 
 Ak = Surface area of the kth polygon. 
  
      m  
Vt = ΣVk Total tire pile volume from adding together all of the polygons. 
      k=1  
  
 Tires per (3m • 3m • 1m observation unit)/9 = Mean number of tires per m3. 
  
       n Arithmetic mean of the number of tires counted in various polygons where, 
Xk = ΣUt /n Xk = the average number of scrap tires with in the kth polygon. 
      k=1  Ui = Number of scrap tires contained within the ith observation unit. 
 n = the number of observed units located within a given polygon. 
  
Xk = Xk · Vk  Average number of scrap tires multiplied by pile volume where, 
 Xk = Total quantity of scrap tires contained in the kth polygon. 
 Vk = Volume of the kth polygon. 
      n  
Xt = ΣXk Total quantity of tires where, 
     i=1 Xt = Combined total quantity of scrap tires. 
 Total quantity of scrap tires contained in the kth polygon. 
  
n = Zα/2 · S 2 n= Determined sample size based on a desired 95% confidence interval. 
 D S = Standard deviation estimator obtained from a pilot sample size. 
 d = One-half of the range of confidence’s width. 
 Zα/2 = Value of the standardized normal variable for a 95% degree of 
confidence. 
  
 
Source:  E. Ramirez-Barretto, F. Gonzalez-Navarro, and S. Ojeda-Benitez, “Waste Tire Pile Quantification 
through Surveying Techniques, Statistical Analysis, and Calculus,” Journal of Solid Waste Technology 
and Management, vol. 27, no. 1 (February 2001), pp. 14-21. 
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Appendix C. Finding Clandestine Tire Piles Using ERDAS 
ERDAS IMAGINE ® is an image processing software program that is used for image 
mapping and visualization, image processing, and advanced remote sensing.  ERDAS can 
be used to process aerial photography in search of unknown tire dumps.  An analyst using 
the Spectral Analysis feature of ERDAS can create a thorough list of objects, including 
known tire piles and their respective colors from a photographic map.  Running the map 
through a classification process, the thousands of shades from the original photograph 
snap to the colors on the list created by the analyst.  Shades from a known tire pile 
selected for the list can then be manipulated in the new photographic map to stand out, 
thus making it easy to identify the known tire piles as well as previously unknown tire 
piles.  
ERDAS is a difficult program to learn.  Based on images from one of our spectral 
analysis sessions, we have constructed a simple guide, so that a user can take advantage 
of the Spectral Analysis tools in ERDAS without having to spend hours studying an 
instruction manual. 
 
Italicized words are the titles or text used in ERDAS 
Open ERDAS. This tool bar will appear. Click on the Viewer button on the far left. 
 
 
 
 
The Select Viewer Type dialogue box will 
open. Select Classic View.  
 
 
 
 
A Viewer window will open.  This is the window in which you will open your image. 
Select File, Open, Raster Layer. 
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In the Select Layer to Add dialogue box, find your file.  You may need to use the drop 
down menu for Files of Type in order to locate your file.  ERDAS is able to read most 
picture file types.  There is an option for All File Based Raster Formats or All Raster 
Extensions depending on which version of ERDAS you are using.  Click OK, and your 
file should now be open. 
 
Return to the main toolbar and click on the Classifier button. 
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This Classification menu will open. Select Signature Editor. 
 
   
 
 
 
 
 
  
 
A Signature Editor viewer will open. Toggle back to the 
       Viewer window. 
 
 
From the menu on the Viewer window, select AOI, then Tools.  A 
tool bar will open.  Pick a selection tool (circle, cube, or polygon) 
from the toolbar.  Position the mouse over an object on your map, 
such as a building, road, or field.  Click and drag, so that a portion 
of the object is selected.  If objects are heterogeneous in color, 
ERDAS will not be able to read it, and an error message will 
appear. 
 
 
 
 
Toggle to the Signature 
Editor window.  Click on 
Edit then Add.  A row 
appears with the average 
color of your selection.  A 
default name will appear 
(Class 1), but you can 
rename the feature by 
clicking and typing over the 
default name. 
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Continue this process of selecting and adding objects of different colors.  The more 
colors you select, the better your classified image will turn out.  We suggest adding 70 to 
100 classifications, but you may be able to achieve your goal with less.  In the search for 
tires, it is helpful to concentrate these classifications on objects similar in color.  Specific 
attention should be given to roads, shadows, and dark water, so that when you manipulate 
the colors later on, roads, shadows, and water are not confused with tires. 
 
When you have finished making 
selections, from the Signature 
Editor menu select Classify then 
Supervised.  The Supervised 
Classification dialogue box will 
open.  Name your file and click 
OK.  The spectral analysis 
begins on the aerial image in 
your Viewer; depending on the 
speed of your processor, this 
may last overnight.  When the 
classification is complete, it will 
save as the .img file that you 
named in the Supervised 
Classification dialogue box.  
 
 
 
 
Open this newly created file in the Viewer window.  It will be different from the original 
in that the color shades from the original will all correspond to the limited number you 
selected to your classification.  
 
From the Viewer toolbar in your 
new file, select Raster then 
Attributes.  This window will 
open.  Click on the colors 
corresponding to the tire 
spectrums and change them to a 
single, highly visible, and bright 
color.  You will notice that 
these shades in the new file 
likewise change, and the aerial 
image can be quickly scanned to 
locate other potential tire 
dumps.  See Figure 3 in 
Appendix A. 
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In the same Viewer 
window, you may also open 
the original image in tandem 
with the image manipulated 
for your classification.  This 
allows you to reference the 
new image to the original 
image to verify potential tire 
piles.  After you have 
opened both image files, 
perform this comparison 
function by selecting Utility 
then Flicker.  Click on 
Movie and select the Play 
button (represented by an 
arrow).  The images will 
change from the classified 
pixels to the original pixels 
and back again.  Use stop or 
pause for longer inspections. 
 
That’s it!  You should now be visually scanning your image for potential tire piles.  Good 
luck. 
 
